The mass spectra of some aryl hydrazines under electron impact are reported. In every case studied fragmentation occurs via fission of the weak hydrazyl N-N bond and hydrogen migration. Metastable ion data is presented in support of a proposed mechanism and some comparisons made between electron and radiation induced processes.
Introduction
The widespread use of diphenylpicrylhydrazyl (DPPH) as a free radical scavenger 1 " 4 and the consequent importance of a knowledge of the resultant adducts justifies investigation of their mass spectra as a means of structural elucidation. In connection with our studies of radiolytic fragmentations of DPPH 5 , and in view of its known ability to undergo rearrangements on photolysis 6 , it was of interest to examine the mass spectra of the hitherto uninvestigated hydrazines (1-3) in order to observe possible analogous processes therein.
Results
The mass spectra of the three hydrazines investigated here are presented in Fig. 1 . Comparison spectra of p-nitrodiphenylamine and 2,4,6-trinitroaniline are, though measured, for reasons of space not presented.
Diphenylpicrylhydrazyl (1) displays a molecular ion of relatively high intensity which apparently fragments via N-N bond fission and proton rearrangement to form the base peak at m/e 168. The base peak has probably a diphenylamine ion structure (a, Scheme 1) the stability of which is reflected in the observed high intensity. One of the A similar mechanism has been postulated by LAURENCE and WAIGHT 7 to account for their observations in the mass spectra of substituted diphenylamines. The carbazole ion can then fragment in two ways: firstly isomerisation involving hydrogen migration gives rise to the ion of carbazole (d); secondly, expulsion of a hydrogen atom furnishes (e). Further loss of HCN, supported by metastable ions, forms an ion at m/e 139. A second type of fragmentation from (e) involves elimination of C2H2 to give the low intensity ion (m/e 140). Similar competitive losses of i) H + C2H2 and ii) HCN in N-heterocyclics were observed in the case of phenazine 8 . By comparing these with the fragmentation modes of the common ion (b, m/e 167) it seems highly likely that the structure (d) is a diphenylenimine odd electron ion 9 . A series of hydrocarbon ions (m/e 77, 65, 51 and 39) are probably formed from the ions CeH6 + -and CeH5 + -formed by simple fission from the corresponding parent molecule. These processes are well established in the mass spectra of benzene 10 . In the high mass region the next prominent ion occurs at m/e 228 (relative intensity 82%) and is also observed in the spectra of compounds 2 and 3 albeit with lower intensity. The molecular formula of this ion corresponds to a trinitroaniline, probably the 2, 4, 6 isomer, formed by simple fission and rearrangement of the parent ion. In the absence of the corresponding metastable peak we cannot exclude at least a partial thermal contribution to this peak. Interestingly however 2,4,6-trinitroaniline is a major product in photolysis and radiolysis of 1 in several indifferent organic solutions carried out at room temperature (23 °C). We rationalize the dominant aspects of the spectrum on the basis of the general Scheme 1. Diphenylpicrylhydrazine (2) gives a mass spectrum (Fig. 1) showing the same general features as that of 1. Again cation (a) (m/e 168) is produced, presumably similarly to the same in Scheme 1. In contrast to the spectrum of the former the m/e 228 peak is of lower intensity (42%). Loss of 0 and NO via rearrangement of and of NO2 directly from high mass ions and the formation of an m/e 301 ion is again of minor importance (relative abundance 9.6%). Elimination of NO2 is confirmed at m/e 255 15 , which is of similar intensity (45%) to that in the spectrum of compound 1. The intense peaks at m/e 228 (42%) and m/e 90 arise via fragmentation of the initially formed 2,4,6-trinitroaniline anion. Typical aromatic ions at m/e 77, 63 and 51 are again present.
Para-nitrodiphenylpicrylhydrazine (3)
Fragments chiefly by hydrogen migration and subsequent cleavage of the N-N bond to give a prominent ion (62%) at m/e 214, a process accompanied by an intense metastable ion (Fig. 1) . This ion has the composition of p-nitrodiphenylamine, a compound also obtained by radiolytic and photolytic fragmentation of 1 and 2. An intense ion (m/e 168) is formed by direct electron induced loss of NO2, a process confirmed by an accompanying metastable ion (m* = 131.8). The ion m/e 214 takes part in two further processes involving the loss of elements of NO2 successively leading to ions at m/e 198 (-0) and m/e 184 (-NO), fragmentations again made easily visible by the accompanying metastables (m* = 184 and m* = 154.2 respectively). Two basic mechanisms are currently accepted for the formation of the ion at m/e 167. The first is depicted in Scheme 1 and involves the formation of carbazole from the cation (a) at m/e 168. A second possibility involves loss of an NO2 radical from the molecular ion and produces an ion of m/e 394, analogous to f or f Its subsequent cleavage affords an intense ion (d) at m/e 167 which is the base peak in the spectrum of 3 due to the diphenylenimine odd electron ion. Comparison with the spectrum of p-nitrodiphenylamine shows the same fragment ions at m/e 167, 166, 140, 139 and a doubly charged ion at m/e 83.5 with relative intensities 88, 19, 6, 9 and 8 respectively 15 . The lower part of the spectrum is compatible with this formulation, and the results are in good agreement with the mechanisms of the thermal and photolytic cyclization of diphenylamine derivatives to carbazoles 13 .
Conclusions
All the hydrazine derivatives studied gave molecular ions with moderate intensities and important common fragment ions. The cleavage of the weak hydrazine N-N bond is a characteristic fragmenta- tion of high ion yield in the series of compounds (1 to 3) and differs markedly from other substituted hydrazine derivatives 14 . The formation of low molecular weight compounds such a 2,4,6-trinitroaniline and p-nitrodiphenylamine by photolytic and radiolytic fragmentations is well authenticated 51 *. The mass spectra of the hydrazines confirm that the same sort of mechanism also takes place upon electron-impact.
Experimental
The mass spectra were measured with a Varian Mat CH-5 instrument with a direct inlet system under the following conditions: electron accelerating voltage 70 eV, ionizing current 300 uA, ion source temperature 160 °C, resolution approximately 1000. The compounds are not very stable in the gaseous phase and extreme care is required to avoid pyrolysis products producing secondary spectra. The overall appearance of the spectra was however invariable over the temperature range 100-250 °C. The most intense peak of each spectrum was taken as base 100%. Compounds 1 to 3: the preparation and properties of these substances are described in reference 5. Spectra of each fraction 5 were obtained at a series of evaporation temperature from 60 to 300 °C in order to check whether any of the t.l.c. fractions were mixtures. The reference compounds, p-nitrodiphenylamine and 2,4,6-trinitroaniline were recrystallised twice prior to use.
